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INTRODUCTION
Tea is an important economic crop in many 
Asian and African countries. In India tea is one of 
the major plantation crops (planted on an area of 5, 
20,000 ha) and has been accepted as a healthy drink 
for all ages (1). Tea plantation is an agro-based, eco-
friendly, labour intensive, employment generating 
and export oriented industry in our country (2,3). 
Presently, tea industry occupies significant position 
and plays a paramount role in the national econo-
my and our country is the second largest producer of 
ABSTRACT
Commercial tea comes from plants belonging to a relatively large group of cultivated species of Camellia 
sinensis (L) O. Kuntze. It is one of the oldest known beverages made from the tender leaves of the plants. 
The main aim of the present study is to analyze the presence of biochemicals in UPASI -16 clone. In the re-
sults, the UPASI -16 clone showed high catechin (22.88%), polyphenol (31.70%), polyphenol oxidase (1178.63 
U/mg of protein) and tea enzyme peroxidase (729.72 µM of O
2 





 reduced min-1 mg-1 protein) and Super oxide dismutase (58.45 U/mg proteins). UPASI -16 showed 
high catechin content in segregated tea crop shoots from the first internodes (23.66%) followed by the first 
leaf (22.46%), second leaf and third leaf. Tea quality flavonoid gene expression, while ANR (1.66%) and F3H 
(1.02%) were down regulated, F35H and ANS (2.82%) were up regulated in UPASI -16. Based on the results, 
it can be concluded that crop shoots of Camellia sinensis (L) O. Kuntze selected clone of UPASI-16 may pos-
sess high amount of biochemicals and may further lead to development of commercial tea. 
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black tea. Black tea is most preferred due to its exqui-
site aroma and astringency (4, 5). Natural substances 
which are presented in the plant help the treatment 
of cardiovascular diseases. They also have anti-mi-
crobial, anti-allergic activity and, especially in cancer 
prevention, their impact has been very well investi-
gated (6-11). The tea crop shoots (apical bud and two 
terminal leaves) are harvested for tea manufacturing. 
Two types of tea are manufactured in India viz., CTC 
(crush, tear and curl) and orthodox, depending on 
the time of the fermentation. The nature of plucked 
tea leaves has the desired biochemical characteristic 
which in turn influences the quality of the black tea. 
The tea crop shoots possess many biochemical con-
stituents namely, phenolic components, alkaloids, 
vitamins, enzymes, crude fiber, proteins, lipids and 
carbohydrates (12,13). 
The tea plant Camellia sinensis (L.) (family 
Theaceae) is grown in about 30 countries worldwide. 
It grows best in tropical and subtropical areas with 
adequate rainfall, good drainage, and slightly acid-
ic soil. Tea is often planted in the highlands. In India 
and Sri Lanka, it is cultivated at elevations up to 2000 
m. In plantations, tea is planted at a density of 5000–
10,000 plants per hectare and maintained as low 
shrubs of 1–1.5 m in height through regular pruning 
during harvesting. Manual plucking of the terminal 
bud and two youngest leaves yields the finest quality 
of tea, but the high cost of labour in some countries 
makes mechanical harvesting an economic necessity. 
Fresh tea leaves are very rich in catechins, which may 
constitute up to 30% of dry weight (14). Principal cat-
echins of young tea leaves are epigallocatechin gallate 
(EGCG), epigallocatechin (EGC), epicatechin gallate 
(ECG), gallocatechin (GC), epicatechin (EC) and cat-
echin. Content of catechins varies with climate, sea-
son, horticultural practices, leaf age and variety (15).
Therefore, in this study, we aimed to analyze 
biochemical characteristics, quality important en-
zymes, HPLC fraction analysis of catechin and fla-
vonoid related gene expression from Camellia sinen-
sis (L) O. Kuntze selected UPASI-16 clone crop shoot 
(bud, first Internode, first Leaf and second Leaf) 
consisting of an apical bud and two terminal leaves. 
MATERIALS AND METHODS
Collection of plant material and extract 
preparation
UPASI-16 clone crop shoots (apical bud and two 
terminal leaves) from plants of uniform age (~10 years 
old) maintained at the height of 26” (~60 cm) above 
ground level were selected. Young tea leaves were col-
lected during the morning hour from 8.30 am to 9.00 
am and the crop shoots (100 mg each) were ground 
well with 5 ml of ethyl alcohol and made up to 50 ml 
for biochemical and molecular analyses. 
Biochemical analyses 
Estimation of PPO activity
Polyphenol oxidases (PPO) are copper contain-
ing proteins that catalyse the aerobic oxidation of 
phenolic substrates to quinines, which are autooxi-
dized to dark brown pigments known as melanins. 
These can be estimated spectrophotometrically at 
495nm. 
PPO was estimated from freshly collected crop 
shoots following the method described by Bradford 
(1979) (16). Bound and soluble form of PPO was esti-
mated separately from which total PPO was comput-
ed. The activity was expressed in U/mg of protein. 
Protein content was determined according to the 
coomassie blue binding method of Bradford. 
Estimation of total polyphenols concentration
One ml of the alcoholic extract was diluted to 50 
ml with distilled water. Two ml of diluted extract was 
added with 4.0 ml of Folin-Ciocalteu’s reagent (1:1) 
and 2.0 ml of 35% sodium carbonate. The contents 
were further made up to 10.0 ml with distilled water 
and the mixture was shaken thoroughly and allowed 
to stand still for 30 minutes. Absorbance of the blue 
color developed and was read at 700 nm against the 
reagent blank using PerkinElmer Lambda–35 UV-
Visible spectrophotometer. Quantum of polyphenols 
present in tea leaves was computed using the stan-
dard calibration curve derived from known concen-
trations (10 to 50 ppm) of gallic acid (Sigma Chemi-
cals Private Limited, Bangalore) and the results were 
expressed as per cent gallic acid equivalents (Dev 
Choudhury and Goswami, 1983) (17).
Estimation of catechins concentration
One ml of the alcoholic extract was diluted to 
50 ml with distilled water. To the 2.0 ml of the di-
luted extract, 6.5 ml of ice cold vanillin (1% vanil-
lin in 70% sulphuric acid) was added slowly to avoid 
immediate colour development. The contents were 
made up to 10 ml with distilled water, shaken well 
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and allowed to stand still for 15 minutes for comple-
tion of the reaction. Absorbance of the orange co-
lour developed and was read at 500 nm against the 
reagent blank in PerkinElmer Lambda–35 UV-Vis-
ible spectrophotometer. Amount of catechins pres-
ent in tea leaves were calculated using the standard 
calibration curve computed with the values obtained 
against known concentrations (10 to 50 ppm) of (+) 
catechin (Sigma Chemicals Private Limited, Banga-
lore) and the results were expressed as per cent cate-
chin equivalents (Swain and Hillis, 1959).
Catechin fraction analysis by HPLC 
The segregated parts of the crop shoots were 
weighed and dried in a hot air oven maintained at 
70°C for 48 hour. Weighed dry leaves were ground 
well and passed through 30 minutes mesh sieve and 
used for the analysis of catechin fractions.
Oven dried leaf powder (0.2 g) was extracted 
using 10.0 ml of 70% methanol on a water bath main-
tained at 70°C for 10 min. One ml of the extract was 
diluted to 5.0 ml with stabilizing solution (0.25% each 
of EDTA and ascorbic acid in 10.0% acetonitrile) ac-
cording to ISO/CD 14502-2 (International Standard 
Organization/Committee Draft Number). The sam-
ple was filtered through 0.45 µm nylon membrane 
filter (Millipore, USA) and used for HPLC analysis 
using Hewlett Packard Model 1100 Series, USA fitted 
with 5µm Luna Phenyl-Hexyl bonded column (Phe-
nomenex, USA). 
Acetic acid (2.0%) and acetonitrile (9.0%) was 
used as mobile phase A and acetonitrile (80%) as mo-
bile phase B. The gradient programme was as fol-
lows: 100% mobile phase A for 10 minutes, followed 
by 68% mobile phase A for 15 minutes and a linear 
gradient of 32% mobile phase B and a hold at this 
condition for 10 minutes. The conditions were then 
reset to 100% mobile phase A and allowed to equil-
ibrate for 10 minutes before the next injection (Jibu 
thomas et al., 2005). Absorbance was measured at 
278 nm. The reference standards (GA, epigallo cate-
chin, (+) catechin, epicatechin, epigallo catechin gal-
late, caffeine and epicatechin gallate) were procured 
from Sigma-Aldrich (St Louis, MI, USA) and used 
in spiking tests. Based on the curve integration, the 
data processing was performed using HP Chem sta-
tion software (Hewlett Packard, USA)
Estimation of peroxidase activity
Determination of peroxidase activity was car-
ried out on fresh tea leaves by following the meth-
od described by Chance and Maehly (19). Peroxidase 
activity was estimated spectrophotometrically at 430 
nm and expressed in µmole of O
2 
formed min-1g-1 dry 
weight. One unit (µmole oxygen formed per minute 
per gram dry weight) of peroxidase will form 1mg of 
purpurogallin from pyrogallol in 20 seconds.
Estimation of catalase activity 
Catalase activity was determined on fresh tea 
leaves following the method of Luck (20). The activi-
ty of catalase was determined spectrophotometrical-






Estimation of super oxide dismutase activity 
Estimation of super oxide dismutase (SOD) ac-
tivity was estimated in fresh tea leaves by following 
the modified method of Van Rossun (21). The assay 
reaction was carried out at 25°C and under light and 
dark conditions. The increase in absorbance at 620 
nm due to the blue color formation by NBT photo re-
duction was measured. The reaction mixtures with-
out tissue supernatant were used as control. The SOD 
activity was expressed as U/mg of protein. One unit 
of SOD is defined as the amount of protein that re-
duces 50% inhibition of NBT reduction. 
Estimation of Phenylalanine ammonia lyase
In the estimation of Phenylalanine ammonia 
lyase (PAL) activity, the segregated two leaves and the 
bud (5 gm each) were homogenized with 80% ice cold 
aqueous acetone and the suspension was filtered on 
sintered funnel (Grade-1). The residue was washed 
repeatedly 3-4 times with ice cold acetone until the 
powder became colourless. PAL activity was deter-
mined by using 0.05 M of phenylalanine as substrate 
by following the modified methods of Jain (22). Ab-
sorbance was read at 273 nm using UV-Vis spectro-
photometer and one unit of enzyme activity is ex-
pressed as mmole of cinnamic acid formed per min-
ute per gram of acetone powder. 
Protein profile in crop shoots by SDS-PAGE 
The molecular weight of the partially puri-
fied PPO was estimated by SDS–PAGE electropho-
resis and was determined according to the method 
of Laemmli, 1970. The protein was analyzed by SDS-
PAGE using 12% polyacrylamide gel, and visualized 
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with Coomassie Blue R-250 staining, and molecu-
lar weights were estimated by comparison with the 
molecular weight markers and Genetool, Syngene: 
(V.4.01) was used. The protein profile (number and 
intensity of bands were observed in this work). Elec-
trophoresis was carried out with 1X Tris-glycine buf-
fer at 30 mA for 3 hours. The gel was stained over-
night in CBB-R250 staining solution (0.1% Comass-
ie Brilliant Blue (AR), 50% methanol and 10% acetic 
acid) and destained in a solution of 12% methanol 
and 7% acetic acid.
Flavonoid gene expression by Semi-quantita-
tive RT-PCR
The total RNA extracted from RNeasy Plant 
Mini Kit (QIAGEN, USA), the segregated two leaves 
and an apical bud of UPASI -16 and P/11/15, were 
treated with RNAs- free DNAase I (TaKaRa). DNA 
free total RNA (100 ng) was used in cDNA syn-
thesis in a reaction volume of 10 µl containing 2.5 
units of AMV reverse transcriptase XL (Takara, Ja-
pan) and 1 mM of oligo–dt3sap. The PCR reaction 
mixture contained 1.0 ml of template, 2.5 ml of 10X 
buffer, 0.5 units of Taq polymerase (Fermentas), 
1.5 ml of 2.5 mM MgCl
2
, 1.0 ml of 2.0 mM dNTP 
and 0.1 mM of 1ml gene specific primers. The Gene 
specific primers used were Anthocyanidin syn-
thase (ANS) - 5’- ATGACTACAGTGGCTGCCCC-
GAGAG-3’; 5’-CTGAGCAAAAGTCCTCGGC-
GGGAA-3’, Flavanone3’ hydroxylase (F35H)-5’-
TAGACACCCGTCTTCCTGCTTCGT-3’; 5’GCAG-
CATAAGCATTGGAGGCAACC-3’), Flava-
none3’ 5’ hydroxylase (F3H) -5’ATGGCGCCA-
CAACGCTTAC-3’; 5’-TCAAGCAAAAATCT-
CATCAGTC3’ and Anthocyanidin reductase 
(ANR) -5’ATGGAAGCCCAACCGACAGCTC-3’; 
5’-TCAATTCTTCAAAATCCCCTTAGCCT-3’. 
PCR amplification was performed in PTC - 200 ther-
mal cycler (MJ Research, USA) using the following 
program: initial denaturation at 94°C for 2 minutes, 
followed by 94°C for 1 minute and 72°C for 1 minute 
with a final extension at 72°C for 5 minutes. The cy-
cle conditions and annealing temperature varied viz., 
33 cycles of 58°C for 45 seconds (ANS), 27 cycles of 
62°C for 45 seconds (F35H), 33 cycles of 63°C for 45 
seconds (F3H) and 33 cycles of 63°C for 45 seconds 
(ANR) respectively. 
The PCR products were loaded on 1.5% agarose 
gel, stained with ethidium bromide and visualized 
under the UV-Transilluminator (Hoefer, Inc, U.S.A) 
and documented. Reverse and forward primers of 
Camellia sinensis 26S rRNA (Cs26SrRNA, GenBank 
accession no. AY283368) were used as internal con-
trol. The semi-quantitative PCR assay was performed 
and analyzed at least twice. The intensity of bands 
was quantified using Image J software (http://rsb.info.
nih.gov/ij) and normalized against Cs26SrRNA band 
intensity. The average expression ratio of the target 
gene was calculated between the normalized relative 
intensity of the band in the low and high PPO from 
















895.98 1172.81 1178.63 1106.38 797.01 36.11 80.45
Peroxidaseb 727.00 695.83 729.72 516.85 421.74 21.68 48.32
Superoxidase 
dimutasec
51.93 49.84 58.45 45.11 39.44 4.14 9.23
Phenylalanine 
ammonia lyased
38.40 27.41 18.35 18.75 13.85 0.65 1.45
Catelasee 1.78 1.74 1.89 1.38 0.99 0.32 0.72
Polyphenols 30.29 31.19 31.70 31.09 27.38 0.47 1.05
Catechin 17.57 22.37 22.88 21.37 15.87 0.46 1.02
Table 1. Distribution of enzymes and substrates in UPASI-16 clone
a-U/mg of protein, b-µmole of O2 formed min-1g-1 dry weight, c – U/ mg of protein, d - µ mole of cinnamic acid formed min -1 
g-1 acetone powder, e - µmol H2O2 reduced min-1 mg-1 protein, Polyphenol, catechin in percentage.  
Each value is the mean of triplicate. SEM-Standard Error Mean. C.D.-Critical difference
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Statistical analysis The experiments were carried out in triplicate. 
Fig. 1. HPLC chromatogram of catechin fractions in UPASI-16 clone
(a) Bud, (b) first internode, (c) first leaf and (d) second leaf
A: Gallic acid (GC); B: Epigallocatechin (EGC); C: Simple catechin (SC); D: Caffeine; E: Epicatechin (EC); F: Epigallocatechin gallate 
(EGCG); G: Epicatechin gallate (ECG) 
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The statistical values were calculated using ANOVA 
and the data were presented with standard error. The 
critical difference was noted and significance was de-
termined at p = 0.05 level (23). 
RESULTS AND DISCUSSION
Morphological selection of superior quality ac-
cessions from large tea germplasm is a time consum-
ing and tedious job. In order to overcome this crisis, 
PPO activity based screening is an ideal tool. PPO 
is the major factor in determining the quality of tea 
(24). Hence, in the present study, PPO activity was 
analyzed on the selected UPASI-16 clone. The phys-
iological characteristics, secondary metabolites and 
tea enzymes are suitable markers for the selection of 
superior cultivars from tea germplasm. In addition to 
the PPO based screening of superior tea quality, the 
genetic diversity between the divided tea groups was 
identified by correlating their biochemical markers 
with molecular markers (25).
The PPO activity of UPASI-16 clone increased/
decreased in the following order; first internode > 
first leaf > second leaf > bud > third leaf, shown in 
the Table 1. The total PPO activity was maximum 
in first internode (1178.63 U/mg of protein) followed 
by first leaf (1172.81 U/mg of protein) than in other 
parts (second leaf, bud and third leaf) in UPASI-16. 
The total polyphenol and catechin contents 
were similar in the following order, first internode > 
first leaf > second leaf > bud > third leaf. Polyphenol 
content in UPASI-16 ranged from 31.70% to 27.38% 
and that of P/11/15 from 20.01% to 17.97%. The cate-
chin content ranged from 15.87% to 22.88% in UPA-
SI-16 and 13.59% to 20.75% in P/11/15 (Table 1). The 
contents of polyphenols and catechins decreased 
with the increase in maturity of the leave.
The catechin fractions of powdered dried tea 
leaves from UPASI-16 clone was analyzed by com-
paring the retention time of the standard compounds 
under similar chromatographic conditions (26). Sev-
en distinct catechin fractions were identified at dif-
ferent time interval within 30 minutes. Gallic acid 
appeared at 4th minute followed by epigallocatechin 
(EGC) at 8th minute, caffeine (CA) at 10th minute, 
simple catechin at 14th minute, epicatechin (EC) at 
16th minute, epigallocatechin gallate (EGCG) at 18th 
minute and epicatechin gallate (ECG) at 25th min-
ute. From the HPLC analysis, it was evident that caf-
feine, epigallocatechin gallate (EGCG) and epigallo-
catechin (EGC) were more predominant (Figure 1). 
From the HPLC analysis, significant variation 
in catechin content was observed in the crop shoots 
and mature leaves. The major catechin fractions 
namely, GA, EGC, (+) C, EC, EGCG, ECG and CA 
were higher in UPASI-16 (Table 2). The decrease in 
catechin content with the maturity of leaves was re-
ported by Aucamp et al., (2000). In the present study, 
pharmaceutically important compounds, namely 
+C, EGCG, and EGC, were much more predominant 
when compared to other compounds (27). 
Peroxidase helps in the conversion of Theafla-





an electron acceptor using catechin as a substrate 
(28). The peroxidase activity increased/decreased in 
the following order: first internode > bud > first leaf 















1 EGC % 3.21 4.06 4.35 3.85 2.96 0.04 0.09
2 SC % 0.88 1.19 1.49 1.00 0.84 0.03 0.07
3 EC % 1.59 2.01 2.51 1.85 1.23 0.02 0.05
4 EGCG % 9.25 11.96 12.05 10.21 7.35 0.08 0.17
5 ECG % 1.87 3.19 3.26 2.47 1.81 0.04 0.08
6 TC % 16.4 22.46 23.66 19.38 14.61 0.14 0.31
Table 2. Relative distribution of catechin fractions in UPASI- 16 clone
EGC – epigallocatechin, SC – simple catechin, EC – epicatechin, EGCG – epicatechin gallate, ECG – epicatechin gallate and TC 
– total catechin. SEM - Standard Error Mean. C.D.- Critical difference 
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ity was maximum in the first internode (729.72 µM 
of O
2 
formed min-1g-1 dry weight) followed by bud 
(727.00 µM of O
2 
formed min-1g-1 dry weight) than 
the other parts (first leaf, second leaf and third leaf) 
in UPASI-16. First internode and bud showed high 
peroxidase activity which might be due to high accu-
mulation of theaflavins.




 scavenger in the 
peroxisomes and mitochondria (29). Catalase activ-
ity was highest in the first internode followed by bud 
and leaves. Catalase activity of UPASI-16 ranged be-




 reduced min-1 mg-1 
protein (Table1).
In UPASI-16, SOD activity varied from 39.44 to 
58.45 U/mg. In addition, the first internode and bud 
showed relatively higher activity followed by leaves 
in both accessions (Table 1). PAL activity decreased 
from bud to third leaf in both selected accession of 
UPASI-16 (Table 1). The enzyme activity ranged 
from 13.85 to 38.40 mM when compared with cin-
namic acid formed per minute. However, a decreased 
PAL activity was observed in the bud, followed by 
first internode, first leaf, second and third leaves. The 
reason for the increased PAL and SOD activity in the 
bud of UPASI-16 might be due to genetic nature abil-
ity of the plant to withstand drought conditions. Up-
regulation of SOD and PAL activity under drought 
conditions were reported.
PPO of the tea plant exists in multiple forms 
which further comprises the number of subunits. 
The protein profile (number and intensity of bands) 
of UPASI-16 based on PPO activity on 12% SDS-
PAGE and its analysis revealed more than forty two 
protein bands in UPASI-16 with molecular weight 
ranging from 19.5 to 213 kDa. Variations in the in-
tensity of protein were observed in the range of 15 to 
20 kDa and 30 to 40 kDa (Figure 2). The absence or 
less intense protein bands reflects low expression of 
the corresponding protein.
Total RNA was isolated from the bud of UPA-
SI-16. Two distinct bands for 18S and 28S were ob-
served (Figure 3). The A
260/280 
ratio was 1.8 - 2.0. The 
expression of flavonoid genes viz., ANR, F3H, F35H 
and ANS in the segregated crop shoot (bud, first in-
ternode, first leaf and second leaf) of selected acces-
sion of UPASI -16 clone was revealed by semi quanti-
tative RT-PCR. The 26S rRNA gene was used as a ref-
erence to analyze the cDNA that were preferential-
ly expressed in the segregated samples. Amplifica-
tion was efficient with 50 ng mL-1 of total RNA in all 
parts of the shoots. Higher expression of F35H was 
observed in the bud of UPASI 16 (1.13%) followed by 
first internode, first leaf and second leaf. A similar 
pattern was observed in the rest of the flavonoid gene 
expression (bud > first internode > first leaf > second 
leaf). Among the expression of all the genes, the ex-
pression of ANS was higher when compared to other 
flavonoid genes in the bud of UPASI 16 (2.82%) (Ta-
ble 3 and Figure. 3). 
Flavonoid pathway was noticed in Camellia si-
nensis, the expression of F3H gene was the highest 
Fig. 2. Protein profile of UPASI-16 clone
Lane M - Marker, 1 - Bud, Lane 2 - first Internode, Lane 3 - 
first Leaf, Lane 4 - second Leaf
Fig. 3. Flavonoid gene expression in UPASI-16 clone
Lane: 1 – Bud, 2 - First internode, 3 - First leaf, 4 - Second leaf
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in leaves. However, their accumulation, especially 
F3H level, was very low and had undetectable levels 
in mature leaves. High expression of ANR in leaves 
and stems may be closely related to high epigallocat-
echin and epicatechin synthesis in these organs (30).
CONCLUSION
The distribution of biochemical contents of cat-
echin and polyphenol in crop shoots followed in the 
order of: first internode>first leaf > second leaf > bud 
> third leaf of the selected UPASI-16 clone, in which 
the first internode registered higher amount of cat-
echin followed by bud, first leaf and second leaf. In 
SDS-PAGE analysis, UPASI-16 accession showed 
variation in the intensity of protein bands between 
15 to 20 kDa and 30 to 40 kDa. In this study, the PPO 
enzyme was useful in the identification of potential 
biomarkers and engineering the flavonoid pathway 
related gene up-regulation (F35H and ANS). These 
results will be further used for screening superior ac-
cessions from germplasm.
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